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ABSTRACT

Background: Autonomic dysfunction including postural orthostatic tachycardia
syndrome (POTS) has been reported in individuals with post-acute sequelae of Covid-
19 (PASC). However, the degree of dysautonomia in PASC has not been compared to
those with POTS and healthy controls.

Methods: All participants were prospectively enrolled between 5™ August 2021 and 31
October 2022. Autonomic testing included beat-to-beat hemodynamic monitoring to
assess respiratory sinus arrhythmia, Valsalva ratio and orthostatic changes during a 10-
minute active standing test as well as Sudomotor assessment. The Composite
Autonomic Symptom Score (COMPASS-31) was used to assess symptoms and the
Euroquol 5-Dimension survey (EQ-5D-5L) was used t0 assess health-related quality of
life (HrQoL) measures.

Results: A total of 99 participants (n=33 PASC, n=33 POTS and n=33 healthy controls;
median age 32 [18], 85.9% females) were included. Compared to healthy controls, the
PASC and POTS cohorts demonstrated significantly reduced respiratory sinus
arrhythmia (p<0.001), greater heart rate increase during 10-minute active standing test
(p<0.001), greater burden of autonomic dysfunction evidenced by higher COMPASS-31
scores across all subdomains (all p<0.001) and poor HrQoL across all EQ-5D-5L
domains (all p<0.001), lower median EQ-VAS (p<0.001) and lower utility scores
(p<0.001). The majority (79%) of those with PASC met the internationally established
criteria for POTS.

Conclusion: The prevalence of autonomic symptomology or POTS was high in those
with PASC, leading to poor HrQoL and high health disutility. Autonomic testing should
be routinely undertaken in those with PASC to aid diagnosis and direct appropriate
management to improve health outcomes.

Trial registration: ANZCTR 12621000476831
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Introduction

Coronavirus disease 2019 (COVID-19), has caused over 6.9 million deaths from over
750 million infections worldwide. Acutely, severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) infection has been associated with multi-system
manifestations of neurological, cardiac, respiratory and immune symptomology.** While
most recover from acute COVID-19 infection, up to 10% of individuals seem to suffer a
constellation of symptoms that persist beyond 12 weeks, including fatigue, dyspnea,
chest pain, palpitations, headaches, nausea, abdominal pain, diarrhea, brain fog, and
orthostatic intolerance.* Several nomenclatures exist to describe this phenomenon
including long-haul COVID-19, long-COVID and post-acute sequelae of COVID-19
(PASC). Several studies have reported a range of autonomic dysfunction amongst the
PASC population with symptoms suggestive of postural orthostatic tachycardia

syndrome (POTS).> ®

POTS is recognized as an autonomic disorder, identified by postural induced
tachycardia in the absence of orthostatic hypotension.”® It is a heterogenous disorder,
and its pathogenesis remains poorly understood. It remains unclear whether PASC
related POTS is specific to the SARS-CoV-2 virus or merely representative of the
frequently reported post-viral or infection related POTS.'® ' To date, prospective
comparative studies between those with PASC and those with POTS (non PASC-
related) and healthy populations have not been undertaken. In this study, we aimed to
delineate the differences in autonomic and health-related quality of life parameters

between these patient groups.

Methods
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Consecutive PASC and POTS patients aged =18 years, who presented to a specialist
cardiology clinic were invited to participate in this prospective comparative study.
Additionally, PASC participants were simultaneously recruited through a 'long-COVID'
social media support group. Healthy adults were recruited through flyers posted at our
institution. All study participants were recruited between August 2021 and October 2022
and provided written informed consent. This study has institutional Human Research
and Ethics Committee approval (approval number H-2021-053) and is registered with
the Australian New Zealand Clinical Trials Registry (ACTRN: 12621000476831). All
participants’ demographics, quality of life and health-related data were collected via
electronic surveys and stored in a secure Research Electronic Data Capture (REDCap)

database.

PASC was defined as persistent, unexplained symptomology with a chronicity of =3
months after infection with SARS-CoV-2 virus. As per the World Health Organization's
Delphi consensus, those with both laboratory and physician-confirmed SARS-CoV-2
infection were included.™® All POTS participants were physician diagnosed and fulfilled
the international consensus definition.™®* Healthy controls were defined as absence of
frequent syncope, significant neurological, cardiac, endocrine or immune disorders,
alcohol or drug dependence or use of daily medications aside from oral contraceptive

pill. COVID-19 infection within 90 days of study testing was an exclusion criterion.

Autonomic testing
All studies were undertaken in the morning and at post-void, fasted state. Participants
were instructed to limit alcohol, nicotine and caffeine intake, and refrain from excessive

fluid and salt intake for 48 hours before testing. Autonomic measurements were
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assessed using Finapres NOVA (Finapres Medical Systems B.V., Enschede, The
Netherlands) for non-invasive continuous beat-to-beat hemodynamic monitoring.

Continuous EKG tracing was recorded throughout the testing.

Participants were instructed to slowly inhale for 5 seconds and exhale over 5 seconds
for a total of six cycles to determine respiratory sinus arrhythmia, which was taken as
the mean difference in absolute peak to trough heart rate on inspiration and expiration
during deep breathing. For the Valsalva maneuver, participants were instructed to
maintain forced expiration through a mouthpiece against resistance (40mmHg) for 15
seconds. The Valsalva ratio was taken as the maximal heart rate during expiration
divided by the lowest heart rate within 30 seconds. After 10-minutes of supine rest,
participants were asked to move from recumbence to standing and were instructed to
keep still for 10 minutes during active standing. We used SUDOSCAN (Impeto Medical,
Issy-les-Moulineaux, France), a non-invasive test to detect dysfunction in small nerve

fibers that innervate the sweat glands in both hands and feet.'*

Symptom, quality of life and joint assessments

The Composite Autonomic Symptom Score (COMPASS-31) was used to assess
autonomic symptomology across the six domains of orthostatic intolerance,
secretomotor, vasomotor, gastrointestinal, bladder and pupillary motor function.*® To
increase relevance, the wording of the COMPASS-31 questions were altered for the
PASC cohort from "In the last year.." to "since your COVID-19 infection". The Fatigue
Severity Scale-9 (FSS) was utilized to assess self-reported fatigue with maximum
fatigue equivalent to a score of 63.'° Health-related quality of life (HrQoL) was assessed

using the Euroquol 5-dimensional instrument (EQ-5D-5L). This instrument assesses
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health status across five dimensions: mobility, self-care, usual activities, pain/discomfort
and anxiety/depression, using a 5-response Likert scale. Each domain of the survey
has five responses ranging from no problems through to extreme problems.!
Additionally, a visual analogue scale (EQ-VAS) was used to elicit a global health scale
from 0O to 100, with 100 equal to a state of full health. The Devlin et al UK dataset was
utilized to apply a scoring algorithm to the EQ-5D-5L data to calculate a single index
utility score; anchored on a scale from 0-1, where 0 equals a state commensurate with
death and 1 with full health.'” '8 Generalized joint hypermobility was assessed using the
5-point historical hypermobility scale. A score 22 was deemed to show generalized joint

hypermobility as per previously validated studies.*®

Statistical Analysis

All data were analyzed using SPSS statistics (version 28.0, IBM Inc, Armonk, NY,
USA). Continuous data were expressed as median and interquartile range (IQR) or
mean and standard deviation according to distribution. Frequencies and percentages
were used for categorical variables. For normally distributed data, a one-way analysis of
variance (ANOVA) was conducted for the three groups with Tukey adjusted pairwise
post-hoc comparisons. Kruskal-Wallis was implemented for non-parametric distributions
with Bonferroni adjustment for pairwise comparisons if the group effect was significant.
For the repeated measures data (heart rate, systolic & diastolic blood pressure) a mixed
effects model was created with patient ID as a random effect (to account for repeated
measures) and time and group as main effects. If a significant time*group interaction
was present, pairwise post-hoc comparisons with Tukey adjustment were conducted to

reveal where differences were observed between groups over time. Pearson’s chi-
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squared test was used to compare categorical data across the three groups. All tests

were 2-sided and statistical significance was set at p<0.05.

Results

A total of 99 individuals completed the study (n=33 PASC, n=33 POTS & n=33 healthy
controls) out of 145 recruited participants. There were n=46 withdrawals (n=35 PASC,
n=10 POTS and n=1 healthy control) due to inability to completely withhold
pharmacotherapy for testing (n=36), onset of new COVID-19 infection (n=5) and failure
to attend for testing (n=5). The median age of all participants was 32 years old (range
18-62) and majority of participants were female (86%) and Caucasian (94%). Of the 33
PASC participants, 18 were recruited through online long-COVID support group while
the remaining were consecutive patients with long-COVID referred to our specialist
center. Participants with PASC were older but with shorter duration of symptoms as
compared to those with POTS (Table 1). Co-morbid conditions of migraine, hay
fever/atopy, endometriosis and asthma were more frequently seen in the POTS than
PASC cohort. Additionally, those with POTS and PASC were more likely to suffer from
generalized joint hypermobility than controls. Both POTS and PASC participants were
less likely to be in full time employment than controls (9.1%, 27.3% and 19.2 %
respectively: p<0.001). A high proportion of PASC participants (94%) reported reduced
work or education attendance in the month before study testing while 67% were unable

to work at all since infection.

Onset trigger for autonomic dysfunction in the POTS cohort was post-viral (n=15),
trauma (n=4) and others (n=3), while 11 participants reported gradual onset with non-

identifiable trigger. At study testing, the PASC population were 326281 days from their
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acute COVID-19 infection. One participant was hospitalized during acute infection but
did not require oxygen or ICU admission. Headache, fever, and myalgia were the most
common acute symptoms amongst those with PASC, while tachycardia, orthostatic
dizziness and palpitations were the most common chronic symptoms with increasing
prevalence at the time of study testing. Other common persisting symptoms are
detailed in supplemental Table. Specifically, onset of orthostatic symptomology in the
PASC population occurred at a median of 8 days (IQR 2.5-14.5) after acute infection

with 36% reporting emergency department presentation for their non-acute symptoms.

Autonomic testing

Heart rate response to deep breathing was significantly different between the three
groups with lower variation in the POTS and PASC participants (Table 2). Additionally,
this was lower in the PASC versus POTS participants (p=0.001). However, no
significant differences were noted between groups in the Valsalva ratio (Table 2).
Sudomotor function was different between groups in the left hand only, which were
significantly lower in the PASC cohort as compared to the POTS cohort. The heart rate
response during the standing test was different between groups according to time
(Figure 1A). At baseline, individuals with POTS exhibited significantly higher resting
heart rate as compared to those with PASC and healthy controls (79+12 vs. 72+13 vs.
68+9 bpm, p=0.003) with no significance difference between the PASC and control
groups (post-hoc p=0.054). Delta heart rate during the entire 10 minutes of standing
was significantly higher in the PASC and POTS cohorts as compared to controls (Table

2 and Figure 1B)
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Systolic blood pressure (Figure 2A) did not differ between the groups (group p=0.12),
nor did it alter differentially over time according to group (group*time p=0.14). Diastolic
blood pressure (Figure 2B) was higher in both POTs and PASC groups compared with
controls (post-hoc, both p<0.03 vs. controls) but no difference was seen between the

POTS and PASC groups.

Autonomic symptomatology

Overall, median total COMPASS-31 score was higher in participants with POTS and
PASC as compared to controls [51 (IQR 42-62) vs. 38 (IQR 30-49) vs. 4 (IQR 2-16),
p<0.001]. Both POTS and PASC participants showed significantly higher symptom
scores across all COMPASS-31 subdomains as compared to controls (Figure 3A, all
p<0.001). Additionally, the severity of autonomic dysfunction was found to be higher in
those with POTS as compared to PASC on post-hoc analysis for the following

subdomains: vasomotor, gastrointestinal, bladder and pupillary motor (Figure 3A).

Health-related quality of life and fatigue severity score

Individuals with POTS and PASC experienced significantly higher level of impairment
across all sub-domains of the EQ-5D-5L as compared to the control population (all
p<0.001, Table 3). Median global health rating (EQ-VAS) was significantly lower in the
POTS and PASC cohorts as compared to controls (Figure 3B), with no difference
between POTS and PASC cohorts.

Similarly, the median health utility score was also lower in the POTS and PASC cohorts
as compared to the controls [0.60 (IQR 0.44-0.84) vs. 0.67 (IQR 0.49-0.80) vs. 1.0 (IQR
0.92-1.00), p<0.001]. Both POTS and PASC cohorts reported higher fatigue severity

score than controls [58 (IQR 50-62) vs. 57 (IQR 50-63) vs. 19 (IQR 15-27), p<0.001].
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The PASC population reported their health status to be at 35% (IQR 20-60) of pre-
COVID-19 infection level.

Participants with PASC fulfilling POTS diagnosis

Overall, 79% (n=26) of PASC participants met the diagnostic criteria for POTS based
on delta heart rate from the active standing test. Five other participants with PASC
(15%) narrowly missed the 30 bpm cut-off with sustained delta heart rate between 25-
29 bpm despite demonstrating postural symptoms. Two of these participants showed a
transient systolic blood pressure drop of greater than 20 mmHg within the first minute of

standing which resolved by the third minute.

Discussion

This study presents a detailed prospective evaluation of autonomic symptoms, function
and HrQoL in those with PASC with comparison to those with POTS and healthy
controls. Our principal findings (Central illustration) are as follows: 1) There is a high
incidence of autonomic dysfunction in those with PASC with 79% meeting the
international diagnostic criteria for POTS; 2) The PASC population demonstrated
significant autonomic symptoms with increased COMPASS-31 scores across all sub-
domains; 3) There was significant impairment in HrQoL involving all subdomains to
result in significant health disutility; 4) The PASC cohort was older but with similar

female predominance as the POTS group.

Central lllustration

Autonomic dysfunction in PASC

10
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Several case series have highlighted the presence of autonomic dysfunction amongst
those with PASC.?°?? Additionally, a recent prospective study of 24 patients with PASC
showed a high incidence of autonomic dysfunction in 96% from tilt table testing.®
Another Canadian study found 73% of 70 individuals with PASC to demonstrate
cardiovascular autonomic abnormalities on active standing test with 30% of these
presenting with POTS phenotype.® Our data is keeping with the aforementioned studies
with a high proportion of individuals with PASC demonstrating autonomic dysfunction or
POTS. The variable incidence of POTS amongst PASC cohorts could be due to
disparate testing conditions, including timing of testing, continued use of rate controlling
medications and shorter standing test duration.® 2> ?* The comparisons with those with
POTS and healthy controls in our study provide additional insights into the extent and
pattern of autonomic dysfunction following SARS-CoV-2 infection. The extent of their
autonomic dysfunction appears lower than those with POTS except for the orthostatic

intolerance and secretomotor subdomains.

Health-related quality of life in PASC and POTS

Reduced HrQoL has been repeatedly identified in POTS cohorts.??’ While the
individuals. with PASC in our study also self-report poorer HrQoL scores than the
healthy controls, it appears that there is greater impact on 'usual activities' but less
restriction to self-care and less severe pain and discomfort than those with POTS.
Nevertheless, the HrQol in those with PASC translates into similar health utility scores
to those with POTS and at lower level than those living with chronic disease including
chronic kidney disease and diabetes.?® ?° We theorize that the relatively recent decline
in their health status, and its associated loss of previous social, economic, and societal

engagements would have impacted on self-reported health status in the PASC

11
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population. It is also likely that the severity of orthostatic intolerance in individuals with
PASC would play a large role in their poor HrQoL status as shown by others.?® #’
Perhaps clinicians could target orthostatic intolerance management in individuals with

PASC to maximize improvement in HrQoL.

COVID-19: a Trigger for Dysautonomia?

Female and Caucasian predominance (5:1) as well as post-viral trigger are commonly
seen in POTS.” ® These are also evident in out PASC cohort. Generalized joint
hypermobility, and in particular hypermobile Ehlers Danios syndrome, are associated
with POTS. Likewise, self-reported hypermobility was higher in our PASC cohort than
controls. These observations suggest that COVID-19 infection may simply be a trigger
in some ‘at-risk’ individuals who may be predisposed to dysautonomia. Notably,
majority of participants with PASC in this study reported mild acute COVID-19 infection
and the lag in the onset of autonomic symptoms by at least two weeks from acute
infection lends further support to COVID-19 as a trigger for dysautonomia. While the
mechanism underlying the autonomic dysfunction in PASC remains unknown, the
plausible explanations include autoimmunity, immune dysregulation and dysfunctional

neurological signaling.*

Clinical Implications

Our findings of a high incidence of autonomic dysfunction resulting in poor HrQoL and
reduced capability to continue usual activities and vocation in those with PASC is of
clinical significance. As highlighted in a statement from the American Autonomic
Society regarding long-COVID POTS, there was already a shortage of autonomic

physicians familiar with managing POTS pre-COVID-19 with lengthy delays in diagnosis

12
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and treatment.*® Thus, the healthcare system is required to adapt to upscale the service
provision, to increase research funding, to improve the knowledge and skills of
physicians and to provide multidisciplinary integrated care to cope with the increasing

PASC caseload.®*

Study Limitations

The cross-sectional nature of this study limits the understanding of variance of
autonomic function over time. Given the heightened consumer health literacy around
autonomic dysfunction on social media sites, it is possible that individuals with
autonomic symptomology may have preferentially self-selected into our study causing
recruitment bias. It remains unclear if those individuals with POTS and PASC who
withdrew from the study due to feeling unweli or unwillingness to withhold medications

could skew our dataset.

Conclusions

This is the first comprehensive comparison of autonomic dysfunction between
individuals with POTS, PASC and healthy controls. This study provides empirical
evidence of the high prevalence of autonomic symptomology or POTS in those with
PASC. The significant impairment in HrQOL and reduced health utility in those with
PASC demands urgent attention from clinicians, healthcare services and governments

to improve care in those affected.

13
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Figure 1A: Mean heart rate during 10-minute active standing
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Figure 1B: Median delta heart rate during 10-minute standing test
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Figure 2A: Mean systolic blood pressure during 10-minute active standing test
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Figure 2B: Mean diastolic blood pressure during 10-minute active standing test
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Figure 3A: Autonomic symptoms as assessed by COMPASS-31
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Figure 3B: Mean global health rating by EQ-VAS
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Table 1: Participant characteristics

PASC POTS Controls P value
(n=33) (n=33) (n=33)
Age, years 37 (15) 28 (14) 28 (23) 0.004
Body mass index, kg/m? 24 (6.78) 27 (8) 24 (4) 0.111
Female, n (%) 27 (81.8%) 31 (93.9%) 27 (81.8%) 0.264
Caucasians, n (%) 32 (97.0%) 32 (97.0%) 29 (87.9%) 0.116
Tertiary educated, n (%) 29 (87.8%) 26 (78.8%) 28 (84.8%) 0.524
Symptom duration, days 175 (586) 1095 (2738) - <0.001
Comorbidities, n (%)
Migraine 12 (42.9) 16 (48.5) - <0.001
Hay fever/Atopy 6 (18.2) 15 (45.5) - <0.001
Endometriosis 6 (18.2) 12 (36.4) - 0.003
Asthma 5(15.2) 8 (24.2) - 0.046
Generalized joint hypermobility 12 (36.4) 25 (75.8) 5(15.2) <0.001

Continuous values expressed as median (interquartile range). Categorical values expressed as n (%).
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Table 2: Autonomic function testing

PASC (n=33) POTS (n=33) Controls (n=33) P-value

Respiratory sinus 9.8 (7.0-14.5)"** 14.0 (12.1-19.2)" 17.4 (12.0-19.5)  <0.001
arrhythmia, bpm

Valsalva ratio 1.8 (1.5-2.3) 1.9 (1.5-2.3) 1.7 (1.5-2.1) 0.23
Sudomotor Function,

%

Left foot 77 (69.0-84.0) 81 (73-84.5) 77(70-82) 0.24
Right foot 77 (71.5-83.5) 82 (77.5-86.0) 80 (72.5-83.0) 0.15
Left hand 66 (57.0-79.0)** 78 (70-83.5) 72 (66.5-80.0) 0.04
Right hand 70 (59-80.5) 78 (68-83.5) 72 (63.5-80.0) 0.09
Delta heart rate over 36 (30-47)" 46 (34-59)" 15 (9-20) <0.001
10-mins standing
test, bpm

All values expressed as median and interquartile range.
# denotes post-hoc p<0.05 versus Controls; ** denotes post-hoc p<0.05 versus POTS
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Table 3: Health-related quality of life by EQ-5D-5L

POTS PASC Controls  P-value
(n=33) (n=33) (n=33)

Mobility

No problems 13 (40) 12 (37) 33 (100)

Slight problems 7 (21) 9 (27) 0

Moderate problems 9 (27) 8 (24) 0 <0.001

Severe problems 4 (12) 4 (12) 0

Unable to mobilize 0 0 0

Self-Care

No problems 17 (52) 21 (64) 33 (100)

Slight problems 7 (21) 11 (33) 0

Moderate problems 7 (16) 1(3) 0 <0.001

Severe problems 1(3) 0 0

Unable to care for self 0 0 0

Usual activities

No problems 4 (12) 0 31(94)

Slight problems 9 (27) 9 (27) 2 (6)

Moderate problems 11 (33) 9 (27) 0 <0.001

Severe problems 5(16) 7(22) 0

Unable to do usual activities 4 (12) 8 (24) 0

Pain and discomfort

No problems 3(9) 4 (12) 25 (76)

Slight problems 4 (12) 14 (42) 8 (24)

Moderate problems 15 (46) 13 (40) 0 <0.001

Severe problems 10 (30) 2 (6) 0

Extreme pain and discomfort 1(3) 0 0

Anxiety and depression

No problems 11 (33) 8 (24) 22 (67)

Slight problems 11 (33) 18 (55) 9 (27)

Moderate problems 9 (28) 4(12) 1(3) <0.001

Severe problems 0 2 (6) 1(3)

Extreme anxiety and 2 (6) 1(3) 0

depression
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Clinical Significance

» Autonomic dysfunction, including postural orthostatic tachycardia syndrome
(POTYS), is prevalent in those with post-acute sequelae of COVID-19 (PASC).

» The presence of autonomic dysfunction or POTS is associated with reduced health-
related quality of life and poor heath utility.

» The high and increasing caseload of PASC calls for urgent need to upskill clinicians
and upscale healthcare service provisions to improve management of
dysautonomia in affected individuals.
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Supplement Table: Acute and chronic symptoms in the participants with PASC
(n=33)

Acute Symptoms (%) Chronic Symptoms (%)

Headache 81.8 48.5
Sore throat 24.2 12.1
Fever 69.7 6.1
Night sweats 39.4 12.1
Myalgia 63.6 51.5
Shortness of breath 60.6 66.7
Chest pain 57.6 54.5
Palpitations 39.4 75.8
Tachycardia 48.5 90.9
Orthostatic dizziness 48.5 78.8
Syncope 0.0 3.0
Nausea 54.5 27.3
Diarrhea 36.4 33.3
Anorexia 60.6 33.3
Vomiting 15.2 9.1
Abdominal pain 30.3 27.3
Polyuria 27.3 33.3
Loss of taste and smell 42 .4 24.2
Brain Fog 60.6 72.7

Note: Acute phase of COVID-19 infection defined as first 5 days after symptom onset.
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